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We consider the problem of the cosmic ray spectrum formation assuming that cosmic rays are produced by
galactic supernova remnants (SNR). Phenomenological anomalous diffusion (AD) model, in which the high
energy cosmic ray propagation in the galactic medium is simulated as fractal walks, is used. In the framework
of this approach we calculate the contribution of each nearby SNR and show that Loop I, Loop II are the main




Numerous hypotheses on the propagation and acceleration mechanisms of galactic cosmic rays and their
sources have been proposed to explain the steepening of the all-particle spectrum at 3  10 	
 eV (the “knee”) and
the flattening of the spectrum around 10 	 eV (the “ankle”) (see, for example, the reviews [1–4]). However,
in spite of considerable theoretical and experimental efforts, a self-consistent model, which can explain these
features in the energy spectrum is not developed yet.
In our recent papers [5–8] we proposed an anomalous diffusion (AD) model for solution of the “knee” problem




 GeV/nucleon. The anomaly results from large free paths (“Le´vy flights”) of particles





.-0/1%$3245 being an intrinsic property of fractal structures. Here ﬁ is magnetic
rigidity. It is also assumed that the particle can spend anomalously a long time in the trap. An anomalously









Without energy losses and nuclear interactions, AD-propagator B DC5%EF%ﬁ#G%ﬁ8HIﬃ , describing such a process,






















fractional Laplacian (called “Riss” operator) [10].
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Eﬃ with characteristic exponent < [11, 12].
The AD coefficient is determined by the positive constants  "ﬁ#%$&ﬃ , and : 9ﬁ#%<=ﬃ (in the asymptotic behaviour)







ing into account that both the free path and the probability to stay in trap during the time interval 7 for particle





It has been shown [5–8] that in the framework of AD model it is possible to explain the locally observed basic
feature of the cosmic rays in the wide energy range .
The aim of the present paper is to calculate, in the framework of the anomalous diffusion approach, the contri-
bution of nearby SNRs to cosmic ray flux and to evaluate the number of contributing sources.
2. Mechanism of cosmic rays spectrum formation





eV is formed by numerous distant ( ;
 
kpc) sources. It means that the contribution of these sources to
the observed flux may be evaluated in the framework of the steady-state approach. Using our results [13] we
















is a constant evaluated via fitting of experimental data.
The contribution of the nearby ( } 1 kpc) relatively young ( E}
 

 yrs) sources defines the spectrum in
the high energy region and, as it was shown in previous papers [6, 7], provides the “knee”. We represent this





























ﬃ is the cosmic ray concentration (2).
List of the supernova remnants, used in our calculations, is given in [14] and in Fig. 2.
The similar separation of the flux into two components with significantly different properties is frequently used
in the studies of cosmic rays. However, the presence of the large free paths of the particles (the “Le´vy flights”)
in our model leads us to the introduction of the third component. This third component is formed by the parti-
cles which pass a distance between an acceleration site of a source and solar system without scattering. The flux
of non-scattered particles  is determined by the injected flux (  S H


(,`ﬃ and the “Le´vy flight” probability














eV and provides the flattening of the spectrum. In other words, in our model the “ankle” in
primary cosmic ray spectrum is also due to the “Le´vy flights” of the cosmic ray particles.
Thus, the differential flux 























3. Parameters of the model
The first free path distribution of the particle traveling through highly inhomogeneous medium of fractal type





204 has power-law asymptotic =aﬃ  (x*5( 	 . The index $ dependence on fractal
dimension of the medium under different assumptions on cross-section of particle interaction with elementary






























Figure 1. Dependence of ª on fractal dimension of the medium under different assumptions on cross-section of particle
interaction.
structures of the medium (parameter
§




w£ , obtained in [15], is confirmed by our calculations. The violation of linear dependence of
$|
w£
ﬃ appears with increasing cross-section as a consequence of finiteness of medium and also overlapping
inhomogeneities of the medium. Thus, assuming fractal dimension of the Galaxy as w?£ 
 






(see [17] for details).
The other parameters of the model (p, Y , < ,
N
























 yrs, are presented
in Fig. 2. We illustrate the contribution of each source to proton flux in Fig. 2, assuming that the output of









 erg/SN. We found, that only two SNRs (Loop-I,II)
give significant contribution to proton flux in the energy region 
 I· 
ﬃ TeV. Such a small number of
sources contradicts to the available information on the CR anisotropy. Hence, it can be supposed, that SNR are
not the sources of CR in the given energy range. Astrophysical aspects of this affirmation will be discussed
elsewhere.
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Figure 2. Relative contribution of each nearby SNRs to proton ux near the solar system
[6] A.A. Lagutin, D.V. Strelnikov, A.G. Tyumentsev, in Proc. of the 27th ICRC, Hamburg (2001), 5, p. 1896,
astro-ph/0107231.
[7] A.A. Lagutin, V.V. Uchaikin, Nucl. Instrum. Meth. B201, 212 (2003).
[8] A. D. Erlykin, A. A. Lagutin, A. W. Wolfendale, Astropart. Phys. 19, 351 (2003).
[9] A.A. Lagutin, A.G. Tyumentsev, Izv. ASU (5), 4 (2004), (in Russian).
[10] S.G. Samko, A.A. Kilbas, O.I. Marichev, Fractional integrals and derivations and some applications
(Minsk:Nauka, 1987), (in Russian).
[11] V.M. Zolotarev, One-dimensional stable distribution (M.: Nauka, 1983), (in Russian).
[12] V.V. Uchaikin, V.M. Zolotarev, Chance and Stability (VSP, Netherlands, Utrecht, 1999).
[13] A.A. Lagutin, V.V. Makarov, A.G. Tyumentsev, in Proc. of the 27th ICRC, Hamburg (2001), 5, p. 1889,
astro-ph/0107253.
[14] A.A. Lagutin, K.I. Osadchiy, D.V. Strelnikov, in Proc. of the 27th ICRC, Hamburg (2001), 5, p. 1852,
astro-ph/0107254.
[15] H. Isliker, L. Vlahos, Phys. Rev. E 67 (2), 26413 (2003), physics/0211113.
[16] F. Combes, Proc. of the Second ICRA Network Workshop, Advanced Series in Astrophysics and Cos-
mology 10, 143 (2000).
[17] A.A. Lagutin, R.I. Raikin, A.G. Tyumentsev, Izv. ASU (5), 27 (2004), (in Russian).
[18] D. Korobko, Modelling of multiple scattering in fractal-like medium, Ph.D. thesis, Ulyanovsk (1999),
(in Russian).
